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Abstract 
 
This paper proposes to use the G.S. Surfer software in analyzing the concentration variations of the heavy metals 
recorded in Baia Mare Urban System soils in order to present the real situation of the mining activity and the degree of 
historical pollution of the studied area. There are presented the preliminary results obtained from investigation of the 
pollution degree made by heavy metals such as arsenic, copper, iron, lead and zinc in the area with a long metallurgical 
activity; the analysis performed established that the soil of the studied area is worst polluted with concentrations that are 
higher than the normal values admitted by the Romanian law in the 0 - 20 and 20 - 40 cm depth interval. Also is reflected 
an accumulation of heavy metals in soils especially during the last 30 - 50 years correlated with depth. So the G.S. Surfer 
pollution models have a special ecological and technical implication because heavy metals combined with the groundwater 
can be absorbed by plants and penetrating into the food chain. 
 
 Keywords: heavy metals, historical polluted soils, G.S. Surfer, Environmental Informatics. 
 
 
 
1. Introduction 
 
The soil is a dynamic system where short-term 
fluctuations occur, such as variations in humidity and 
pH levels, in redox conditions; it is also the place 
where the organic matter gradually decomposes as a 
consequence of changes in nature.  
Through field and laboratory tests, soils can be 
characterized from a physical, chemical and 
biological perspective. The total metal content of 
soils is the result of varied metal input – parental 
material, atmospheric deposits, chemical fertilizers 
and improvements, organic fertilizers and other 
organic and inorganic polluting substances – minus 
metal output resulted from cropping or from leaching 
and volatilisation. 
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Problems generated by soil contaminations 
with different pollutant substances have recently 
interested more and more researchers worldwide. 
Nowadays, one of the major problems of 
environment in industry is the historical pollution. It 
has dramatically consequences on the environment, 
especially on the ecosystems and regarding life 
quality and health of the peoples living in or near the 
affected areas.  
Soil contamination by heavy metals is an 
undesirable effect of chemical use in human 
activities. Soil is exposed to heavy metals through 
various pathways, such as wastewater irrigation, solid 
waste disposal, sludge applications, vehicular 
exhaust, agricultural production and industrial 
activities. The phenomenon of soil pollution in Baia 
Mare is well known, but also, widely studied in all 
parts of the geo-system.  
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At the onset and maintenance of pollution 
effects due to industrial emissions, a special role has 
the combinations of heavy metals with soil strata. In 
this area, the processing activities of metal 
concentrates carried over the last years led to 
pollution of great-seed surfaces of terrain and 
adversely affected the environment and the quality 
of life.  
The accumulation of heavy metals (Zn, Pb, 
Cr, Mn, Fe, Cu, Cd, As) in soils has a special 
ecological implication because of their toxicity and 
their compounds, but also because of the form of the 
chemical bindings which affect the soil reaction. 
Ensuring the protection of soil quality, as a mean to 
enhance soil resources and the environmental 
protection, foresees, among other things the use of 
remediation methods and the technologies designed 
to neutralize or block the flow of pollutants required 
to ensure the desired efficiency and enforcement of 
laws regarding soil quality protection. 
 
2. Material and Method 
 
Soil sampling procedures from the research 
area were conducted according to Order 184/1997 
[3]. The soil samples were gathered from different 
depths depending on the vegetation of the respective 
soil: 0 - 20 cm for arable land and grass, 20 - 40 cm 
for orchards and vineyards. For each material studied, 
we used the specific methods mentioned in our 
literature and complied with the experimental 
parameters and requirements of our study procedures. 
The analytical data referring to the content of heavy 
metals in the studied soil revealed a wide variation of 
heavy metals contents. The concentration of heavy 
metals determined at the assays from Baia Mare area 
were compared with the average value of the normal 
contents with the maximum allowable values and 
with the values of the warning threshold and 
intervention one, for soil less sensible according to 
Order 756/1997 [4]. 
 
 
Figure 1. The methodology and procedures for studying the heavy metals concentration in different soils 
 
 
Figure 2. The G.S. Surfer program - screen capture 
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Surfer software, registered as a trademark of 
Golden Software Inc., is a powerful contouring, 
gridding and surface mapping program for 
scientists, hydrologists, engineers, geologists, 
archeologists, oceanographers, biologists, foresters, 
geophysicists, medical researchers, climatologists, 
educators, students or anyone who needs to generate 
maps quickly and easily [5]. 
Surfer is a grid-based mapping program that 
interpolates irregularly spaced XYZ data into a 
regularly spaced grid.  
The grid is used to produce different types of 
maps including contour, vector, image, shaded 
relief, watershed, 3D surface, and 3D wireframe 
maps [5]. 
Maps can be also displayed and enhanced in 
Surfer, allowing us to produce the map that best 
represents our data in order to serve optimally and 
efficiently our scope or interest.  
Adding multiple map layers, customizing the 
map display, and annotating maps with text allows 
us to create publication quality maps. 
 
 
 
 
Figure 3. Soil pollution modeling charts-on studied area 
 
 
 
Surfer software has a variety of available 
methods and tools to provide different 
interpretations of environmental data. At the same 
time the environmental grid files themselves can be 
edited, combined, filtered, sliced, queried, and 
mathematically transformed. 
In G.S. Surfer there are a few general steps to 
progress from a XYZ data set to a finished, grid-
based map, as follows [3]: 
 create a XYZ data file. This file can be 
created in a Surfer worksheet window or 
outside of Surfer (for example using Excel). 
 create a grid .GRD file from the XYZ data 
file using the Grid | Data command. 
 to create a map, click the Map | New 
command, select a map type, and use the 
grid file from step two. Grid-based maps 
include contour, image, shaded relief,  
 
 
 vector, watershed, 3D wireframe and 3D 
surface maps. 
 click on the map to display the map 
properties in the Property Manager where 
you can customize the map to fit your 
needs. 
 click the File | Save command to save the 
project as a Surfer .SRF file which contains 
all of the information needed to recreate the 
map. 
Several different map types can be created, 
modified, and displayed with Surfer.  
These map types include base, contour, post, 
classed post, image, shaded relief, vector, 
watershed, 3D surface, and 3D wireframe maps.  
A description and example of each map is 
listed below: 
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 Base maps display boundaries on a map 
and can contain areas, curves, points, text, 
images, or metafiles. Base maps can be 
overlaid with other map layers to provide 
details such as roads, buildings, streams, 
city locations, areas of no data, and so on. 
Base maps can be produced from several 
file formats. Individual base map objects 
can be edited, moved, reshaped, or deleted. 
 Contour maps are two-dimensional 
representations of three-dimensional data. 
Contours define lines of equal Z values 
across the map extents. The shape of the 
surface is shown by the contour lines. 
Contour maps can display the contour lines 
and colors or patterns between the contour 
lines. 
 Post maps and classed post maps show 
data locations on a map. You can customize 
the symbols and text associated with each 
data location on the map. Classed post maps 
allow you to specify classes and change 
symbol properties for each class. 
 Image maps are raster images based on grid 
files. Image maps assign colors based on Z 
values from a grid file. Blanked regions on 
the image map are shown as a separate color 
or as a transparent fill. Pixels can be 
interpolated to create a smooth image. 
 Shaded relief maps are raster images based 
on grid files. Shaded relief maps assign 
colors based on slope orientation relative to 
a light source. Surfer determines the 
orientation of each grid cell and calculates 
reflectance of a point light source on the 
grid surface. The light source can be 
thought of as the sun shining on a 
topographic surface. 
 
 
 
 Vector maps display direction and 
magnitude data using individually oriented 
arrows. At any grid node on the map, the 
arrow points in the downhill direction of the 
steepest descent and the arrow length is 
proportional to the slope magnitude. Vector 
maps can be created using information in 
one grid file (i.e. a numerically computed 
gradient) or two different grid files (i.e. each 
grid giving a component of the vectors). 
 Watershed maps display the direction that 
water flows across the grid. The watershed 
map breaks the grid into drainage basins and 
streams. Colors can be assigned to the 
basins and line properties can be associated 
with the streams. 
 3D surface maps and 3D wireframe maps 
are color three-dimensional representations 
of a grid file. The colors, lighting, overlays, 
and mesh can be altered on a surface. 
Multiple 3D surface maps can be layered to 
create a block diagram and by connecting Z 
values along lines of constant X and Y. 
 
3. Results and Discussions 
 
The indicators, that were considered, were 
determined in accordance with the analysis 
standards in force, and the obtained values have 
been reported to the values from Order no. 756/1997 
- Annex no.1, for soils use. In terms of legislation in 
force concerning the methods for determining the 
specific toxic pollutants from soil, the metals are 
determined by atomic absorption 
spectrophotometry, in accordance with the standard 
analysis ISO 11047-1999 - the total form and the 
values were reported at the values specified in the 
Order no. 756/1997 [4]. 
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Figure 4. Soil pollution modeling maps-on studied area-for arsenic at 0 - 20 and 20 - 40cm depth 
 
 
 
 
 
Figure 5. Soil pollution modeling maps-on studied area-for copper at 0 - 20 and 20 - 40cm depth 
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Figure 6. Soil pollution modeling 3D map-on studied area-for iron at 20-40cm depth 
 
 
Figure 7. Soil pollution modeling maps-on studied area-for lead at 20-40 cm depth  
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4. Conclusions 
 
One of the most critical effects that acidifying 
industrial emissions cause, is the destruction of the 
soil’s organic matter, possibly leading to a 
significant blockage of humification processes, a 
phenomenon that has extremely serious 
repercussions on the general characteristics of soil 
ion exchange. 
Current state of soil pollution inside Baia 
Mare area - is the result of 150 years of processing 
different heavy metals concentrates especially lead 
and zinc. The used technologies have excessively 
polluted the environment and affected the human 
health. Soil contamination by metals and other 
contaminants have become a major environmental 
problem after the industrialization across many parts 
of the world. As a result, environmental agencies are 
placed in charge in remediating, monitoring and 
mitigating the soil contamination sites. According to 
actual trend, Surfer software is used to monitoring 
the metal contaminants in the soil horizons. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Like GIS, Surfer software is usually used in 
making spatial interpolations of contaminants in the 
soil, but also for water or air [1]. 
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